SUMMARY Peripheral blood polymorphonuclear leucocytes (PMNs) were isolated from six normal individuals and from 27 patients with rheumatoid arthritis (RA) by the Ficoll-Hypaque rapid single step centrifugation technique, fixed in suspension, and examined by scanning electron microscopy (SEM). In addition, four of the preparations from normal individuals and eight from patients with RA were examined by transmission electron microscopy (TEM). Most PMNs in preparations from normal subjects were spherical, unpolarised, and had their surface membrane elaborated into irregular ridges and small ruffles; they contained few phagocytic vacuoles and large numbers of electron dense primary and secondary granules. A minority of the cells were non-spherical, polarised, and had portions of their surface membrane elaborated into ruffled pseudopodia. In contrast, preparations of RA PMNs frequently contained fewer unpolarised PMNs and a higher number of polarised PMNs than did preparations of normal PMNs. Some preparations of RA PMNs also contained substantial numbers of spherical cells whose surface was covered mainly by bulges and blebs. Concurrent examination by TEM showed that RA PMNs frequently contained more phagocytic vacuoles and fewer electron dense primary and secondary granules than normal PMNs. The morphological and ultrastructural changes seen in RA PMNs resembled those which normal PMNs are known to undergo on exposure to C5a in vitro, during adherence to endothelial cells in vivo, or during phagocytosis in vivo or in vitro. Our observations, therefore, provide a useful morphological correlation to those in vitro studies in which differences in the functional activity of RA and normal PMNs have been shown. The possibility that the difference seen between RA and normal PMNs is artefactual and does not represent the genuine in vivo states of these cells is discussed.
blood PMNs may differ from those of normal PMNs, perhaps as a consequence of prior activation in vivo. We thought it worthwhile, therefore, to examine the surface morphology of RA peripheral blood PMNs by means of scanning electron microscopy (SEM) and now report our results in this paper.
Patients and methods

PATIENTS
Twenty eight patients with RA were selected at random from among those attending outpatient clinics at The London Hospital (Whitechapel) or from inpatients at The London Hospital (Mile End). Twenty four were seropositive for rheumatoid factor and all satisfied the American Rheumatism Association criteria for 'classical' or 'definite' disease. One patient was taking no drugs whatsoever, all others were taking non-steroidal anti-inflammatory drugs (NSAIDs): two patients were taking steroids, seven were taking penicillamine, two were receiving gold, one was taking both penicillamine and steroids, another was taking cyclophosphamide and steroids, and five were taking azathioprine in addition to the NSAIDs. A clinical assessment of disease activity was made when the blood was drawn. Normal healthy hospital or college staff acted as control subjects. PMN 
PURIFICATION
Specimens of venous blood (10 ml) (Pharmacia Ltd; Milton Keynes, UK) with sodium diatrizoate and meglumine diatrizoate in a ratio of 3-33: 6-66 (medium 1).20 Because the components of most RA bloods do not separate satisfactorily when centrifuged over this medium, RA bloods were centrifuged on a few occasions over solutions containing 7% Ficoll with sodium diatrizoate and meglumine diatrizoate in a ratio 7-5 : 2-0 (medium 2)/' but mostly solutions (Q= 1-114 g/ml) comprising 5% or 6% Ficoll with sodium diatrizoate but no meglumine diatrizoate (medium 3) were used. 22 The lower (PMN containing) leucocyte band was removed and diluted to 10 ml with Eagle's minimal essential medium containing Earle's salts (Gibco Bio-cult; Glasgow, Scotland) and 20 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulphonic acid) buffer pH 7-3 (MEM), to which 2-5 U/ml of preservative free heparin was added shortly before use. The PMNs were collected by low speed centrifugation and washed by centrifuging twice more with the same volume of MEM. It was noticeable that on occasion a proportion, perhaps 5-20% of the PMNs in a sample, aggregated into small clunips approximately 05-2-0 mm in diameter at the interface between the Ficoll-Hypaque and plasma. This happened rarely with normal bloods but frequently with RA bloods, irrespective of the composition of the Ficoll-Hypaque medium. The aggregates were readily dispersed when first resuspended, but the RA PMNs had a marked tendency to aggregate again during subsequent centrifugation steps. Attemps were made to minimise the extent of aggregation by: (a) including heparin in the first washing solution, (b) keeping PMNs in suspension at low cell densities (less than 106/ml), (c) frequently inverting the tubes in which the PMNs were contained, (d) centrifuging cells through short column heights for the shortest times (two to three minutes) and at low speeds (1300-1500 rev/min) consistent with obtaining a good recovery, and (e) resuspending cell pellets as soon as the centrifuge had stopped. PMNs ceased aggregating once they had been fixed with glutaraldehyde (see below). Cells were fixed in suspension by a glutaraldehydeosmium tetroxide-tannic acid-uranyl acetate procedure and examined by electron microscopy largely as described previously.24 On some occasions PMNs to be examined by SEM were trapped on poly/Llysine (mol. wt 70 000-150 000; Sigma Chemical Co. Ltd, Poole, Dorset, UK) coated coverslips, but mostly they were collected on polycarbonate membranes (3 iim holes; Nucleopore, Pleasanton, California, USA). During the critical point drying process some of the cells detached from the membranes; this happened more frequently and to a greater extent with PMN preparations from patients with RA than it did with those from normal individuals. Examination of the detached cells recovered from the drying boat showed that they occurred mainly in clumps; very few individual cells were present. When samples were examined by SEM the morphology of about 40 widely separated cells (i.e., those not forming part of a clump or aggregate) was usually studied (see text).
The details that were recorded during these observations changed in the light of experience during the course of these studies. For most samples, however, the shape and dimensions of each cell, together with an estimate of the percentage of the visible surface that was covered by each different type of surface structure, were noted, either directly from the viewing screen at magnifications of between x8000 and x 12 000 or later from photographs taken at similar magnifications. Four of the PMN preparations which had been viewed by SEM were also examined by TEM. Those preparations which by SEM were found to contain high proportions of apolar cells were seen by TEM to comprise mostly cells with circular outlines with occasional small projections at the periphery. The cytoplasm of these cells generally appeared to be in a well ordered state; it contained few phagocytic vacuoles, large numbers of undischarged electron dense granules, and the usual internal organelles such as ribosomes, endoplasmic reticulum, Golgi body, one or two mitochondria, and large numbers of glycogen granules (Fig. 6a) . PMNs with irregular outlines and convoluted projections of the plasma membrane at one end of the cell were observed by TEM in those preparations which had been found by SEM to contain polarised cells. The cytoplasm beneath these pseudopodial projections usually contained few organelles. Highly polarised cells with extensive pseudopodial projections frequently contained more phagocytic vacuoles and fewer electron dense granules than apolar spherical cells, but their cytoplasm was still well ordered (not illustrated).
RHEUMATOID ARTHRITIS PMNs
A total of 33 preparations of peripheral blood PMNs and three of synovial fluid PMNs was made from patients whose ages ranged from 27 years to 78 years. Blood samples were obtained on two different occasions from four patients; a synovial fluid sample and a blood sample were obtained at the same time from one patient. Preparations of RA peripheral blood PMNs made using Ficoll-Hypaque medium 2, and which had not been filtered, were seen by SEM at low magnifications to contain many aggregated cells (Fig. 3) little contaminated by erythrocytes or platelets. Aggregates in preparations made using medium 3 usually comprised from approximately three to 10 cells, and, although platelets and erythrocytes were sometimes present as well as PMNs, they mostly contained just PMNs (not illustrated). Although the morphology of cells in an aggregate was not studied in detail, we formed the distinct impression that aggregated cells were more often polarised than were unaggregated cells.
The peripheral blood PMNs from many patients with RA showed a range of morphological variations similar to that seen in preparations made from bloods of normal subjects (Figs 4a-f) . In PMN preparations from the bloods of most patients with RA, however, the proportion of apolar cells was lower and that of polarised cells correspondingly higher than in preparations made from the bloods of normal individuals (Figs 4g-i ; Figs 5a-c; Table 2 ). In addition, preparations from some patients with RA contained PMNs in which parts of the plasma membrane were formed into bulges and blebs (Figs Sd-f), while that from another patient contained large numbers of PMNs which although spherical were covered mainly by a smooth plasma membrane in which there were occasional crater-like pits (Figs  5g-1) . Neither of these latter types of surface structure was seen in PMNs isolated from normal individuals (for simplicity these cells have been included in the 'spherical' category for the purpose of compiling Table 2 ).
TEM examination showed that apolar RA PMNs often contained more phagocytic vacuoles than apolar cells isolated from normal individuals (Fig.  6b) and that highly polarised RA PMNs contained many phagocytic vacuoles but few electron dense granules (Fig. 6c) . Those RA PMNs which had plasma membrane contours consistent with the existence of bulges, blebs, and pits on their surface had cytoplasm which seemed markedly disordered (Fig. 6d) The range of morphological variation found in the three preparations of RA synovial fluid PMNs that were examined by SEM was similar to that which was found in preparations of RA peripheral blood PMNs.
Discussion
Our observations on the morphology of normal PMNs by SEM and TEM are generally in agreement with those of others. 25 26 As we are unaware of any previous quantitative analysis of PMN morphology by SEM we believe that our study provides new information on the morphological variation that might be encountered during experiments with purified PMNs. The main feature of our results, however, is that PMN preparations made from the blood of most patients with RA contained a lower proportion of apolar cells than did similar preparations made from most normal bloods (Table 3) . Polarised PMNs from the bloods of both normal subjects and patients with RA when seen by SEM resembled in most respects normal PMNs that had been exposed to chemoattractants or to aggregating agents in vitro. 189 The results of our concurrent TEM observations support the suggestion that greater phagocytic (and perhaps 'frustrated' phagocytic) activity had occurred in polarised PMNs found in the preparations made from the bloods of patients with RA than had occurred in the polarised PMNs found in preparations made from normal bloods. Moreover, the ultrastructural changes seen in these cells resembled those seen to occur in normal PMNs which were phagocytosing aggregated immunoglobulins or rheumatoid factor containing complexes.27 28 PMNs whose surfaces were seen by SEM to be covered in bulges and blebs and that were found almost exclusively in preparations made from the bloods or synovial fluids of patients with RA bore a strong resemblance to normal PMNs that had ingested large numbers of bacteria in vitro. An inverse correlation was found between the severity of active inflammatory disease (activity index 1 versus activity index 2 plus 3) and the proportion of apolar PMNs that occurred in preparations made from bloods of patients with RA (Fig. 7) . : :: .i . , 
